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INTRODUCTION 
The s t o r a g e  of h o t  water  i n  a q u i f e r s  is considered one of t h e  most promi- 
s i n g  near-term a l t e r n a t i v e s  f o r  seasonal  s to rage  of thermal  energy. Excess 
h e a t  produced d u r i n g - t h e  summer could be s t o r e d  i n  groundwater regions and 
pumped ou t  during t h e  win te r  months when demand f o r  h e a t  i s  g r e a t e s t .  The 
i n s u l a t i n g  p r o p e r t i e s  of t h e  e a r t h  and t h e  v a s t  vo lumetr ic  capac i ty  of i t s  
a q u i f e r s  make t h i s  concept p a r t i c u l a r l y  a t t r a c t i v e .  Auburn Univers i ty  has 
been involved i n  a l a rge - sca l e  f i e l d  s tudy  of h e a t  s t o r a g e  i n  a confined 
a q u i f e r  near  Mobile, Alabama. Current ly,  two in jec t ion-s torage- recovery  cyc le s  
have been completed. 
The f i r s t  cyc l e  involved t h e  i n j e c t i o n  of 54,800 cub ic  meters  of 5 5 O ~  
water  i n t o  the  confined a q u i f e r .  The ambient temperature of t h e  water i n  t h e  
confined a q u i f e r  and i n  t h e  upper semi-confined a q u i f e r  from which the  supply 
0 
water  i s  pumped was 20 C. A f t e r  a s t o r a g e  per iod  of 5 1  days,  t he  i n j e c t i o n  
0 
w e l l  was pumped u n t i l  t he  temperature of t h e  recovered water  dropped t o  33 C. 
A t  t h a t  p o i n t  55,300 cubic meters  of water  had been withdrawn and 66 percent  
of t h e  i n j e c t e d  energy had been recovered. 
A volume of 58,000 cubic  meters of 5 5 O ~  water  was i n j e c t e d  during t h e  
second cyc le .  The water  w a s  s t o r e d  f o r  63 days and then recovered. When t h e  
recovery temperature equal led  t h e  temperature a t  t h e  end of t h e  recovery per iod  
f o r  t he  f i r s t  cyc le ,  3 3 ' ~ ~  66,400 cubic meters had been pumped from the  a q u i f e r  
and 76 percent  of t h e  i n j e c t e d  energy had been recovered. The recovery per iod  
0 f o r  t h e  second cyc le  continued u n t i l  t h e  water  temperature w a s  27.5 C and 
100,100 cubic  meters  of water  was recovered. A t  t h e  end of t h e  cyc le  about 
90 percent  of t h e  energy i n j e c t e d  during t h e  cyc l e  had been recovered. 
EXPERIMENTAL SET-UP 
The experimental  s i t e  i s  loca t ed  near  Mobile, Alabama, a t  a s o i l  borrow 
a rea  a t  t h e  Barry Steam P l a n t  of t h e  Alabama Power Company. The b a s i c  i n j ec -  
t i o n  system i s  shown i n  F igure  1. Waterwas pumped from an upper semi-confined 
a q g i f e r ,  passed through a b o i l e r  where i t w a s h e a t e d  t o  a temperature of about 
55 C,  and i n j e c t e d  i n t o  a medium sand confined a q u i f e r .  The i n j e c t i o n  we l l  has 
a 6-inch (15-cm) p a r t i a l l y - p e n e t r a t i n g  s t e e l  sc reen .  The top of t he  s to rage  
formation i s  about 40 meters  below t h e  su r f ace  and t h e  formation thickness  i s  
about 21 meters.  
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Figure  1. Schematic of Hot-Water I n j e c t i o n  System 
The r e l a t i v e  l o c a t i o n  of t h e  supply and i n j e c t i o n  we l l s  and of 14  obser- 
va t ions  we l l s  i s  shown i n  Figure 2. The observa t ion  we l l s  were used t o  monitor 
temperature and p h r e a t i c  s u r f a c e  e l eva t ions  during t h e  experiments. The 
readings were used p r imar i ly  t o  c a l i b r a t e  numerical models desc r ib ing  h e a t  and 
mass t r a n s p o r t  i n  a q u i f e r s .  
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Figure 2. Top View of W e l l  F i e ld  a t  Experimental S i t e  
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Figure 3 shows a schematic  of .a t y p i c a l  obse rva t ion  w e l l  i n  which tempera- 
t u r e  was measured. The s i x  t he rmis to r s  were equa l ly  spaced over  t h e  a q u i f e r  
thickness .  The w e l l s  were b a c k f i l l e d  wi th  sand i n  o r d e r  t o  prec lude  extraneous 
v e r t i c a l  mixing due t o  convect ion i n  t h e  wel l s .  
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Figure 3. S ide  View of Typical  Observation W e l l  
EXPERIMENTAL PROCEDURE 
Water was i n j e c t e d  i n t o  t h e  a q u i f e r  a t  r a t e s  from 6 .3  t o  12.6 l i t e r s  pe r  
second dur ing  t h e  f i r s t  cycle .  The i n j e c t i o n  per iod  was 79 days. The var ia -  
b i l i t y  of t he  i n j e c t i o n  r a t e  was due t o  clogging of t h e  formation around t h e  
i n j e c t i o n  well .  Near t h e  end of t h e  f i r s t  cyc l e  i n j e c t i o n  per iod  i t  was rea- 
l i z e d  t h a t  backwashing t h e  i n j e c t i o n  w e l l  f o r  a few minutes  immediately in-  
creased t h e  s p e c i f i c  capac i ty  of t h e  w e l l  and helped c o n t r o l  t h e  clogging 
problem. A f t e r  a s t o r a g e  pe r iod  of 51  days water  was recovered from t h e  in j ec -  
t i o n  w e l l  wi th  a submersible  pump a t  a n e a r l y  cons t an t  r a t e  of 15.8 l i t e r s  pe r  
second. The recovered water  was discharged i n t o  a nearby cana l .  
The i n j e c t i o n  per iod  f o r  t h e  second cyc le  l a s t e d  6 3  days and t h e  d ischarge  
r a t e  va r i ed  from 9.8 t o  13.6 l i ters  per  second. The improved d ischarge  r a t e  
w a s  a t t r i b u t e d  t o  p e r i o d i c  i n j e c t i o n  w e l l  backwashing performed throughout t h e  
i n j e c t i o n  period.  A f t e r  a 63-day s t o r a g e  pe r iod ,  t h e  water  was recovered a t  an 
average r a t e  of about 1 4  l i ters  p e r  second. 
Hydraulic heads and temperatures  were recorded i n  t h e  observa t ion  we l l s  
throughout both cyc les .  The measurements provided a method of  observing and 
analyzing t h e  hydrodynamic and thermodynamic behavior  of  t h e  i n j e c t e d  ho t  
water  i n  t h e  confined a q u i f e r  region.  S p e c i f i c  p r e s e n t a t i o n  and d iscuss ion  
of t h i s  da ta  a r e  beyond t h e  scope of  t h i s  paper. 
EXPERIMENTAL RESULTS 
A p l o t  of recovery temperature versus recovery volume i s  shown i n  Figure 4 
f o r  both cycles. The improvement of t h e  second cycle  was due t o  the  r e s idua l  
heat  remaining i n  t h e  aqu i fe r  and t h e  surrounding aqu i t a rds  a f t e r  completion 
of t h e  f i r s t  cycle. 
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Figure 4. Recovery Temperature versus Recovery Volume 
A measure of t h e  e f fec t iveness  of a hea t  s to rage  containment system is the  
f r a c t i o n  of the  energy input-of  thesystem t h a t  can be recovered a t  t h e  end of 
the  s torage  period. This f r a c t i o n ,  c a l l e d  the  recovery f a c t o r ,  is determined 
by d iv id ing the  energy output ,  Eout , by t h e  energy inpu t ,  E . Figure 5 shows the  recovery f a c t o r  versus recovery temperature f o r  both cy&f es.  The recovery 
f a c t o r s f o r  the  f i r s t  and second cycles were 0.66 and 0.76, r e spec t ive ly ,  f o r  
the  same recovery temperature of 33Oc. The second cycle  recovery period was 
continued u n t i l  t h e  recovery temperature reached 27.5Oc, and the  recovery 
f a c t o r  was about 0.90. Figure 6 shows recovery f a c t o r  versus  recovery volume. 
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Figure 6 .  Recovery Factor versus Recovery Volume 
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